Background. The inferior lumbar triangle of Petit is bounded by the iliac crest, lateral border of the latissimus dorsi and the medial border of the external oblique.
Introduction
The inferior lumbar triangle of Petit is a topographical element of the lower back with an area of minor resistance of the posterior abdominal wall. The base of that triangle is limited by the iliac crest, with the opposite apex directed toward the inferior angle of the scapula, the medial side is constituted by the lateral border of the latissimus dorsi, and the lateral side is composed of the medial border of the external oblique muscle. The floor of the Petit triangle is part of the internal oblique muscle covered with the superficial fascia and subcutaneous tissue. [1] [2] [3] [4] [5] [6] [7] Precise data on the quantitative anatomy of the inferior lumbar triangle may be useful in anesthesiology, especially in anesthesia of the transversus abdominis plane (TAP), and in fetal surgery. TAP is located in the anterior abdominal wall between the transversus abdominis and the internal oblique muscle, and includes the lower intercostal nerves with concomitant blood vessels destined for the anterolateral abdominal wall. [6] [7] [8] [9] To date, autopsy material of adult individuals only has been used for the geometrical analysis of Petit's triangle. 6, 7, 10 Therefore, this is the first report in the professional literature to present a numerical analysis of Petit's triangle in human fetuses.
The objectives of the present study were: -morphometric analysis of the inferior lumbar triangle in human fetuses with respect to its linear and planar parameters, and interior angles in order to determine their normative values at varying gestational ages; -establishing the possible sexual and bilateral differences regarding the analyzed parameters; -establishing developmental dynamics for the analyzed parameters, including mathematical growth models best matched for fetal age.
Material and methods
The study material consisted of 35 fetuses of both sexes (16 males and 19 females) aged 14-24 weeks of fetal life, originating from spontaneous abortions and stillbirths. The material was acquired before the year 2000 and remains part of the specimen collection of the Department of Normal Anatomy of Nicolaus Copernicus University in Toruń. This experiment was sanctioned by the Bioethics Committee of the Nicolaus Copernicus University in Toruń (approval No. KB 186/2016). The fetal age was determined on the crown-rump length. Table 1 lists the characteristics of the study group, including age, number and sex of the fetuses.
Using anatomical dissection, the inferior lumbar triangle was visualized on both sides, then recorded using a Sony α330 digital camera and subjected to morphometric analysis using digital image-analysis (NIS-Elements AR 3.0 software, Nikon, Minato, Japan). In each Petit's triangle, the following 7 parameters were measured ( Fig. 1) : ♂ -male; ♀ -female.
1. base -length of the iliac crest (mm); 2. medial side -length of the lateral border of the latissimus dorsi (mm); 3. lateral side -length of the medial border of the external oblique muscle (mm);
4. basomedial angle -between the iliac crest and the medial border of the external oblique muscle;
5. basolateral angle -between the iliac crest and the lateral border of the latissimus dorsi;
6. apical angle -between the medial border of the external oblique and the lateral border of the latissimus dorsi;
7. area -calculated semiautomatically after outlining the triangle (mm 2 ). The obtained numerical data was analyzed statistically using Statistica v. 12.5 software (StatSoft Inc., Tulsa, USA). The results are expressed as arithmetic means with standard deviations (SD). To compare the means, Student's t-test for dependent (left-right) and independent (malefemale) variables, and one-way analysis of variance were used. The characterization of the developmental dynamics of the analyzed parameters was based on linear and curvilinear regression analysis. The match between the estimated curves and numerical data was evaluated due to coefficient of determination (R 2 ). Differences were considered significant at p < 0.05.
Results
The entire fetal material unveiled the inferior lumbar triangle on both sides within its typical boundaries: a base at the iliac crest, a medial side constituted by the lateral border of the latissimus dorsi, and a lateral side constituted by the medial border of the external oblique muscle.
The statistical analysis revealed neither sexual nor bilateral differences concerning all the analyzed parameters. Therefore, we investigated the developmental dynamics of the 7 established parameters without taking sex or age into account. The numerical data of the inferior lumbar triangle has been presented in tables, as follows: its base and 2 sides in Table 2 , its interior angles in Table 3 , and its area in Table 4 .
The developmental dynamics of the base, sides and area of the inferior lumbar triangle followed linear functions, as displayed in Table 5 .
Discussion
The inferior lumbar triangle is an area of minor resistance of the posterior abdominal wall and a gateway to lower lumbar hernias. [1] [2] [3] [4] [5] [6] [7] As reported, the most tenuous point of the lumbar triangle is the Hartmann fissure located at its apex. [11] [12] [13] Lower lumbar hernias may be both congenital and acquired, constituting 20% and 80% of cases, respectively. 4, 5, 10, 11, 14 Congenital defects of the posterior abdominal wall are the most common reasons for the lower lumbar hernias in children. 15, 16 In turn, acquired lower lumbar hernias are divisible into primary and secondary types, the former resulting from an excessive tonus of abdominal musculature, e.g., in obese elderly people, and the latter being a consequence of damage to the abdominal muscles and resulting in scar formation. [16] [17] [18] In adults, lower lumbar hernias affect men 3 times more often than women, especially those aged 40-60 years, and with a greater tendency to occur on the right side. 15, [19] [20] [21] [22] The main symptom reported by patients is a pain or discomfort in the lumbar region, usually when tightening the abdominal musculature. 11, 15, [20] [21] [22] However, lower lumbar hernias may be asymptomatic as well. 14, 20, 21 In anesthesia, the inferior lumbar triangle is a natural and safe anatomical gateway to transversus abdominis plane punctures, as there are no neurovascular structures. 7, 10 The transversus abdominis plane block was developed in 2001 by Rafi for an easy and effective anesthesia within the hypogastrium, especially in cesarean sections, inguinal hernia surgery and laparoscopic procedures. 6, 23 Hebbard et al. described a method of TAP anesthesia through a block of the lower intercostal nerves that are readily accessible via the inferior lumbar triangle. 24 The Petit triangle is also conducive in urology, neurosurgery and surgery as an approach to the retroperitoneal space. [25] [26] [27] [28] In this study, the inferior lumbar triangle was bilaterally present in all human fetuses considered. In an autopsy study conducted in adults, Loukas et al. observed Petit's triangle in 82.5% of cases, and Starczewski in 89% of cases, somewhat more often on the left side. 10, 28 In cases with absent lumbar triangles, the latissimus dorsi was overlapped by the external oblique muscle.
As presented in the current study, in terms of quantity, the Petit triangle did not demonstrate any sexual or bilateral differences. Between weeks 14 and 24 of gestation, the dimensions of the inferior lumbar triangle increased as follows: its base from 3.63 to 6.91 mm, its medial side from 5.24 to 6.84 mm, and its lateral side from 5.40 to 8.82 mm. These parameters were deliberated in adults by Loukas et al., Jankovic et al. and Starczewski et al., who also did not note any sexual differences in this aspect. 6, 10, 28 As reported by Loukas et al., in the inferior lumbar triangles on the right and left sides, the mean base measured at the iliac crest was 2.57 cm and 3.1 cm, respectively, the mean medial side measured at the latissimus dorsi was 3.44 cm and 4.57 cm, respectively, and the mean lateral side measured at the external oblique muscle was 4.53 cm and 3.25 cm, respectively. 10 In the same study, symmetrical triangles were observed most often (25%) with type I, less often (17.5%) with type II, and least often (3.7%) with type III, according to the classification by Loukas et al. detailed below. 10 In addition, the inferior triangles located on the left side were larger. Jankovic et al., in 26 individuals aged 72-102 years with the mean height of 161.8 cm ±9.9 cm, demonstrated that the triangle base was 2.3 cm ±1.03 cm, the medial side was 2.2 cm ±1.38 cm, and the lateral side was 3.3 cm ±1.36 cm. 6 Numerical data by Starczewski indicated that for the right and left sides, the mean triangle base was 24.8 mm ±11.8 mm and 25.3 mm ±9.0 mm, respectively, the mean medial side was 24.3 mm ±9.9 mm and 25.1 mm ±8.7 mm, respectively, and the mean lateral side was 33.0 mm ±10.1 mm and 32.2 mm ±11.0 mm, respectively. 28 Of note, the present study has been the first report in the literature to explicitly display mathematical growth models of the inferior lumbar triangle as a function of fetal age. Its morphometric parameters increased proportionally, following the functions: y = −0.427 + 0.302 × age for base, y = 1.386 + 0.278 × age for medial side, and y = 0.871 + 0.323 × age for lateral side of the inferior lumbar triangle.
In our study, the basomedial angle of the lumbar triangle was between 47.85° and 54.95° on the right side, and between 48.13° and 55.72° on the left side. The basolateral angle was between 72.44° and 77.93° on the right side, and between 72.03° and 78.69° on the left side. Obviously, the basal angles determined the apical angle, the value of which was between 59.71° and 47.12° on the right, and between 59.84° and 45.59° on the left. Furthermore, all observed interior angles were smaller than 90°, and thus all inferior lumbar triangles observed in this study were acute ones. As reported by Starczewski et al., the basomedial angle was 47° ±15° on the right and 49° ±17° on the left. 28 In turn, the basolateral angle was 84° ±29° on the right side and 81° ±26° on the left side. These authors reported 2 types of the Petit triangle: acute (59%) and obtuse (41%).
In our study, at the fetal age of 14-24 weeks, the inferior lumbar triangle area increased from 8 6 Furthermore, the authors demonstrated that the inferior lumbar triangle was enormously variable in its size and shape, and was located more medial than it had been previously expected. The orthocenter of the Petit triangle was, on average, 6.9 cm more posterior ♂ -male; ♀ -female. with relation to the mid-axillary line, while the measurements taken superficially were somewhat smaller (9.3 cm). Due to the observed differences in size and shape of Petit's triangles, the authors concluded that the presumptive location of the inferior lumbar triangle may prevaricate the physician when administering TAP anesthesia.
Conclusions
In terms of geometry, Petit's triangle reveals neither male-female nor right-left differences. An increase in both lengths and area of the inferior lumbar triangle follows proportionately. The Petit triangle is acute in the human fetus.
